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I.  INTRODUCTION 

This  report  covers  work  done  as  a  continuing  effort  along  the  lines 
reported  on  in  reference  1.  The  work  was  done  at  both  the  NAVPGSCOL 
Monterey,  California  and  at  the  NAVAIREWORKFAC  North  Island,  California. 
The  Monterey  work  covers  the  time  period  April -May- June,  1978,  and  the 
North  Island  work  covers  the  time  period  October-November-December,  1978. 

A  broad  range  of  hazardous  (or  toxic)  gases  was  investigated.  The 
materials  to  be  investigated  were  decided  upon  by  scanning  the  materials 
listed  in  reference  2,  and  by  personal  consultation  with  various  members 
of  the  Materials  Laboratory  at  North  Island.  Mr.  K.  Hillman,  chemist, 
has  been  particularly  helpful  in  providing  information,  materials,  and 
supplies. 

A  MIRAN-IA  was  used  for  all  work.  A  description  of  this  instrument 
and  its  use  in  calibrating  materials  is  given  in  reference  1.  There  has 
been  a  deterioration  of  the  sodium  chloride  cell  windows  with  time  due  to 
moisture  in  air  and  calibration  materials.  The  windows  were  replaced 
with  silver  bromide  windows  which  pass  a  wider  band  of  infrared  radiant 
energy  and  are  less  susceptible  to  moisture  deterioration.  Other  up- 
dating work  on  the  instrument  is  also  covered  in  this  report. 

Some  43  pure  materials  were  calibrated  in  either  a  rough  or  de- 
tailed manner.  Two  mixtures  of  materials  were  also  studied  as  it  is 
quite  common  in  plant  work  to  use  mixtures. 

Certain  materials  gave  signals  which  although  weak  and/or  noisy, 
were  definitely  detectable.  Such  signals  cannot  be  used  for  calibra- 
tion. However,  they  can  indicate,  in  a  general  way,  whether  or  not  the 
concentration  of  the  material  complies  with  OSHA  limits. 

For  those  materials  that  were  calibratable,  calibration  data  were 
plotted  and  then  fitted  with  second  order  polynomials  using  least  squares 
regression  analysis.  The  method  of  doing  this  is  described  in  reference  1 

The  report  also  presents  the  results  of  taking  the  MIRAN-IA  into 
certain  plant  areas  to  monitor  the  ambient  air  for  its  content  of  speci- 
fied materials  for  which  it  had  been  calibrated.  Attempts  to  correlate 
concentration  levels  with  productivity  levels  are  reported. 


II.  MATERIALS  CALIBRATED 

A.  General 

A  very  broad  range  of  materials  is  used  in  day-to-day  opera- 
tions of  a  NAVAIREWORKFAC.     Many  of  these  materials  are  potentially  or 
actually  hazardous  because  of  their  toxic  nature.     The  effects  of  expo- 
sure of  humans  to  these  materials  are  of  increasing  concern  to  the  med- 
ical community  and  to  Navy  managers.     Instantaneous  and  cumulative,  or 
long-range,  exposure  effects  should  be  constantly  monitored  and  studied. 
Knowledge  gained  through  study  and  research  will  provide  proper  handling 
procedures  for  these  materials,   as  well   as  exposure  limits  for  both  air- 
borne and  skin  contact.     The  formal   setting  of  these  limits  is  the  prov- 
ince of  such  organizations  as  OSHA,  Toxic  Substances  Control  Act  (TOSCA), 
and  National   Institute  for  Occupational  Safety  and  Health  (NIOSH),   as 
well   as  many  others.     It  is  the  Navy's   immediate  responsibility  to  be 
aware  of  all   hazardous  materials  in  use,  their  exposure  limits,   and  their 
proper  handling. 

B.  Monitoring  for  Hazardous  Materials 

In  an  effort  to  help  provide  information  concerning  airborne 
concentration  levels  of  many  materials,  the  Aircraft  Environmental 
Support  Office  (AESO)   acquired  a  MIRAN-IA.     A  thorough  description  of  the 
instrument  and  its  use  is  reported  on  in  reference  1. 

The  MIRAN-IA  can  be  taken  into  the  plant  to  continuously  mon- 
itor the  air  that  a  human  breathes.     The  intake  to  the  instrument  can 
literally  be  placed  alongside  the  nose  of  an  individual.     In  this  manner, 
rapid,  accurate  determination  of  airborne  concentration  levels  can  be 
made  and  recorded  for  short  or  long  periods.     The  use  of  the  instrument 
requires  that  it  be  calibrated  for  a  given  material  to  be  studied. 

Calibration  for  a  given  material    is  in  the  form  of  absorbance 
versus  concentration  in  parts-per-million  (ppm).     Absorbance  is  output  as 
a  voltage  (0-1  volt)   and  is  the  variable  recorded.     In  an  actual  plant 
run,  recorder  output  is  labeled  in  terms  of  ppm  using  known  calibration 
curves.     In  this  manner,  time  histories  of  concentration  levels  in  var- 
ious work  areas  can  be  obtained. 

C.  List  of  Materials  to  be  Calibrated 

An  initial   list  of  materials  that  were  candidates  for  calibra- 
tion was  compiled  using  reference  2.     This  initial   list  is  shown  in  Table 
1.     Of  the  materials  appearing  in  this  list,  five  had  been  calibrated  and 
reported  upon  in  reference  1.     They  were  acetone,  methyl   ethyl  ketone 
(MEK),  ethanol,  toluene,  and  1,1,1-trichloroethane  (methyl   chloroform). 
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For  hydrogen  cyanide  (HCN),  calibration  had  been  attempted  but 
was  unsuccessful.  Further  study  of  the  results  of  the  previous  work  plus 
information  obtained  from  Foxboro  Analytical  indicates  that  the  reason 
for  the  unsuccessful  calibration  attempt  was  faulty  technique  on  the  part 
of  the  instrument  operator.  The  MIRAN-IA  subsequently  was  calibrated  for 
HCN. 

Of  the  remaining  materials  on  the  list,  several  are  mixtures  of 
chemicals.  Such  things  as  thinners,  lacquers,  coatings,  cleaners,  etc. 
are  complex  mixtures  of  liquids,  or  solids  and  liquids.  The  liquid  por- 
tions of  these  materials  contain  many  hazardous  materials,  and  an  attempt 
was  made  to  indent if y  them.  This  was  done  by  obtaining,  from  the 
Materials  Lab,  a  list  of  materials  used  in  plant  operations.  This  list 
is  shown  in  Table  2.  Note  that  annual  gallon  usage  in  1976  is  shown,  as 
well  as  Military  Specification  Number  (MIL-SPEC)  and  Naval  Specification 
Number  (NSN).  The  MIL-SPEC  number  proved  quite  useful  in  identifying 
materials  and  their  content,  while  physical  properties  were  obtained  for 
the  most  part  from  reference  4  and  reference  10. 

A  microfilm  library  of  MIL-SPEC's  is  located  in  the  Materials 
Lab,  and  it  was  used  to  look  up  certain  materials  appearing  in  Table  2. 
Contents  of  various  mixtures  were  obtained  from  this  library  and  are 
shown  in  Table  3. 

Based  on  all  information  available,  a  "Master  List"  of  materi- 
als to  be  calibrated  or  investigated  was  prepared.  This  list  is  shown  in 
Table  4.  The  list  is  not  exhaustive,  but  does  cover  the  majority  of 
materials  in  general  use  in  plant  production  areas.  It  is  to  be  noted 
that  a  certain  few  chemicals  represent  by  far  the  largest  mass  usage. 
Even  small  concentrations  of  these  and  other  materials  could  prove  haz- 
ardous in  airborne  or  skin  contact  and,  as  a  result,  some  of  the  smaller 
mass  usage  materials  were  also  investigated  and  calibrated.  Not  every 
material  listed  is  a  "pure"  material  but  rather  a  mixture  of  other  ma- 
terials appearing  on  the  list.  Some  materials  are  to  be  considered  for 
later  calibration.  They  appear  as  ingredients  or  are  used  "as  is"  in 
plant  work  and  are  not  shown  on  any  charts  as  having  a  concentration  lim- 
it or  Threshold  Limit  Value  (TLV). 
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III.  CALIBRATION  RESULTS 

A.  General 

Calibration  procedure  details  are  given  in  reference  1.  These 
procedures  were  followed  to  obtain  calibration  on  materials  appearing  in 
Table  4,  including  the  mixtures.  Most  calibrations  resulted  in  calibra- 
tion curves  of  absorbance  versus  ppm  concentration.  These  curves  are 
always  second  order  polynomials  of  the  form 

Concentration  (ppm)  =a+3*A+Y*A2 

where  A  =  absorbance  read  from  MIRAN-IA  meter 

a 


e 

Y 


equation  coefficients 


The  coefficients  are  obtained  by  a  least  squares  regression 
analysis  program  using  a  Wang  2200C  computer.  A  typical  curve  is  shown 
in  Figure  1. 

Certain  materials  gave  such  a  weak,  noisy  signal  at  the  allowed 
concentration  limits  that  a  calibration  was  not  possible.  The  best  that 
could  be  said  for  most  of  these  materials  is  that  the  concentration  is  or 
is  not  below  the  limiting  value.  This  type  information  is  quite  valuable 
even  though  an  actual  concentration  is  not  measured. 

Mixtures  of  materials  are  quite  commonly  used  in  plant  produc- 
tion work.  Attempts  at  calibration  and  analysis  on  two  frequently  used 
mixtures  are  reported.  In  general,  it  would  appear  that  detection  of 
components  in  mixtures  can  be  quantitatively  made. 

B.  Calibration  Curves  -  Pure  Materials 

The  "curves"  for  materials  successfully  calibrated  are  reported 
in  the  form  of  a;  3;  y  constants  rather  than  as  graphical  curves.  The 
constants  obtained  to  the  time  of  the  report  are  shown  in  Table  5. 

Additional  data  are  reported  in  this  table.  The  column  labeled 
"ppm  per  v  1"  should  be  read  as  "parts-per-million  per  microliter".  This 
is  a  key  number  in  all  calibration  work  and  is  obtained  by  injecting  mi 
croliter  samples  into  the  MIRAN-IA  using  Hamilton  liquid  or  gas  syringes. 
For  all  work  reported  here,  liquids  were  used.  The  calculation  of  this 
number  is  done  as  follows: 

cppm  /  PPm\    P  *  R  •  T  •  103 
VLIQ  \p1  /   5.64  •  MOL  WT  ■  PATM 


CO 


1 

c 

^ 

0 
cu 

C£ 

J- 

i— • 

U- 

S 

cu 

* — ' 

_J 

c 

cu 

< 

cu 

c 

O 

r™ 

rO 

►— < 

>> 

JZ 

^-^ 

1— 

JZ 

4J 

to 

>- 

+J 

CU 

s- 

_l 

^™^ 

CU 

$- 

cu 

< 

(/) 

y~ » 

0 

O 

E 

1 

^— * 

CU 

C 

s_ 

s_ 

0 

^ 

cr» 

O 

<^^ 

0 

ZJ 

to 

CO 

c 

'r- 

cu 

r— 

p— 

•f— 

to 

i— 1 

fO 

4-> 

c 

JZ 

<+- 

^ 

^■^ 

s: 

cu 

^ — » 

J- 

ZJ 

rO 

O 

■r" 

M- 

_l 

r— 

«^-^ 

4-> 

i^ 

r— 

X 

S- 

S- 

O 

O 

IT3 

UJ 

cn 

O 

cu 

cu 

4-> 

5 

<D 

c 

cu 

+-> 

s: 

c 

</) 

JZ 

Q. 

1 

X 

\ 

C 

<e 

c 

CU 

^— ^ 

•f™ 

*^— * 

CU 

CM 

•r— 

0 

re 

JZ 

0 

0 

r- 

S- 

(/> 

c 

rt 

E 

cc 

+-> 

4-> 

+J 

(0 

r— 

cu 

•r- 

cu 

rO 

CU 

rO 

CM 

0 

C 

cu 

cu 

O 

c 

O 

4J 

• — ■ 

c 

JZ 

* 

r— 

OQ 

p— 

CU 

E 

^ 

cu 

cu 

C 

0 

J3 

ra 

cu 

cu 

+J 

CU 

«— 1 

fO 

X 

CU 

0 

D. 

S 0 

> 

> 

(O 

cu 

+-> 

2 

-t-» 

c 

n- 

CU 

c 

1 

•p— 

0 

-O 

r— 

JZ 

r— 

^— 

t— 

t— 

+-> 

c 

cu 

to 

c 

rO 

>» 

0 

cu 

O 

0 

U- 

•r" 

O 

0 

>> 

r— 

>> 

0 

0 

c 

•r— 

.s<: 

ZJ 

c 

cu 

JZ 

JZ 

S- 

r- 

S_ 

S- 

C 

JZ 

0 

JZ 

0 

+J 

to 

V) 

cu 

E 

O 

•^ 

> 

+-> 

■(-> 

0 

>> 

O 

CU 

cu 

CD 

ro 

0 

p— 

4-> 

jz 

ZJ 

0 

0 

Q. 

rO 

r— 

•r" 

r— 

cu 

cu 

r— 

JZ 

r— 

c 

c 

z 

>> 

0 

lO 

CU 

0 

jO 

1— 

r— 

1 

r— 

>> 

$- 

X 

O 

0 

0 

JZ 

-•-> 

JZ 

•1— 

E 

1— 1 

0 

^~ 

E 

u 

0 

r— 

r— 

CM 

O 

JZ 

fO 

§8 

to 

J- 

s_ 

O 

cu 

O 

E 

O 

00 

rO 

^— 

•r- 

^B- 

CO 

cu 

CU 

1 

C 

4-> 

> 

0 

0 

•^ 

0 

•r— 

rO 

(J 

_z> 

c 

>> 

J- 

rO 

•p™ 

0 

0 

r— 

fO 

CU 

■—^ 

._' 

"E 

r— 

1— 

s- 

S- 

s- 

r— 

cu 

^-** 

a) 

^— 

a. 

+J 

>^ 

JZ 

<D 

SZ 

JZ 

-t-> 

0 

+J 

>> 

CU 

c 

z 

0) 

O) 

>> 

0 

1 

r— 

n— 

p— 

^— 

JZ 

■M 

r— 

id 

cu 

c 

r— 

rO 

O 

0 

1 

r— 

1 

JZ 

c 

cu 

CU 

0 

c 

0 

E 

s_ 

«d" 

>> 

>) 

>> 

>> 

4-> 

cu 

•>> 

JZ 

c 

fO 

0 

XJ 

rO 

rO 

t— 1 

JZ 

CM 

+J 

cu 

r— 

c 

•— < 

rO 

s_ 

rO 

Q. 

A 

JZ 

JZ 

JZ 

JZ 

CU 

0 

JZ 

4-> 

to 

+-> 

c 

■O 

%. 

S- 

n 

O 

a 

CU 

ZJ 

>> 

cu 

t— 

X 

T3 

0 

O 

CM 

-t-> 

-M 

+-> 

4-> 

E 

c 

-t-> 

Q. 

4-> 

c 

cu 

O 

4-> 

4-> 

t— 1 

•r- 

H 

•r— 

p— 

X 

p— 

< 

w 

>> 

CO 

CO 

M 

CU 

CU 

cu 

cu 

I 

0 

CU 

(0 

8 

cu 

JZ 

+J 

CU 

CU 

a 

s- 

A 

S_ 

0 

1 

>» 

GO 

jz 

jF 

•p— 

•r— 

CM 

E 

E 

E 

E 

«d" 

E 

E 

C 

Q. 

O- 

CO 

+J 

4-> 

H 

+J 

I— 1 

-P 

■p 

oj 

X 

>— • 

r-* 

CO 

CT» 

O 

r-H 

CM 

CO 

«3- 

m 

lO 

p^ 

CO 

cr> 

0 

1— 1 

CM 

CO 

«o- 

LO 

VO 

p»» 

CO 

25 

0 

t-H 

CM 

O 

CM 

CM 

CM 

rr> 

CO 

CO 

00 

OO 

00 

00 

00 

CO 

CO 

^1- 

^r 

^r 

«o- 

«d- 

«d- 

«* 

«o- 

*fr 

«^- 

LO 

UO 

in 

CC 

0 

u_ 

^_^ 

0 

cu 

(Jj 

> 

CC 

r— 

1 

UJ 

0 

0 

to 

1— 1 

0 

CO 

1 — 

22 

T— 

0 

cu 

0 

0 

C£ 

r— 

O 

^^ 

4-> 

-H- 

O 

cu 

ZJ 

-—^ 

UJ 

-a 

J3 

1— 

•r" 

^— ^ 

*—+. 

< 

S- 

c 

Q£ 

O 

S- 

0 

OQ 

*— ^ 

^ — s 

^* 

cu 

•r— 

►— 1 

cu 

X 

JZ 

JZ 

4-> 

S* 

c 

•r* 

0 

4-> 

ZJ 

re 

E 

cu 

r— 

O 

4-> 

cu 

a 

Q. 

s- 

c 

r~ 

l/> 

CU 

CU 

cu 

>» 

a! 

JZ 

E 

^— 

.-— ** 

■•-> 

S- 

O 

>> 

P-" 

ZJ 

ou 

►— 1 

^— ^ 

CO 

to 

JZ 

cu 

X— K 

0 

JZ 

+J 

a: 

r-> 

rO 

CU 

4-> 

T3 

-H- 

c 

0 

(O 

UJ 

rO 

■*^* 

■0 

cu 

•r™ 

rO 

c 

2 

1— 
< 

•r- 
O 

T3 

•p— 

to 

^ 

E 
rO 

a> 

^—^ 

JZ 

g 

X 

s: 

(O 

•!■■ 

O 

•r— 

E 

-t-> 

*»"^* 

■K 

cu 

r«» 

r— 

cu 

p— 

ZJ 

O 

cu 

s- 

ro 

•K 

»— ' 

•~~* 

r— 

CO 

1 

en 

-l-> 

O 

JZ 

s- 

c 

0 

r— 

**-^ 

O 

*^— * 

rO 

JZ 

H- 

0 

cu 

rO 

«*- 

rO 

s_ 

r— 

cu 

O 

*a- 

a> 

4-> 

O 

rO 

JZ 

cu 

r— 

JZ 

i- 

cu 

O 

-t-> 

>» 

cu 

■0 

cu 

O 

CJ> 

s_ 

c 

cu 

+J 

c 

>> 

-t-> 

<D 

c 

JZ 

(O 

r— 

"O 

UJ 

•r— 

a 

C 

-M 

E 

0 

c 

*— * 

cu 

•r— 

JZ 

JZ 

E 

c 

O 

4-> 

c« 

>> 

_i 

0 

s_ 

rO 

rtj 

■r— 

CU 

S- 

0 

to 

-H- 

E 

E 

4-> 

a. 

a> 

•r- 

•r— 

O 

CU 

JZ 

CO 

re 

4_> 

4-5 

4-> 

0 

N ' 

r— 

r— 

X 

0 

to 

CU 

c 

S- 

JZ 

r™ 

y 

cu 

cu 

< 

•p— 

cu 

<D 

r— 

r— 

re 

M- 

& 

O 

cu 

5- 

r— 

E 

r— 

(O 

Q. 

4-> 

ro 

rO 

c 

T3 

cu 

t— 

0 

C 

c 

C 

>> 

>> 

s_ 

c 

O 

r— 

(7) 

JZ 

O) 

O 

>1 

•r~ 

>» 

X 

cu 

^~ 

c 

O 

0 

cu 

+J 

4-> 

JZ> 

0 

S- 

O 

<v 

CU 

0 

c 

r— 

JZ 

T3 

4-y 

O 

>> 

>) 

f"~ 

^~ 

r- 

ro 

rO 

+-> 

-(-> 

4-> 

N 

3 

3 

J3 

O 

</) 

s_ 

s- 

r— 

«o 

JZ 

-•-> 

1 

0 

•r— 

X 

X 

>> 

>> 

>> 

E 

+■> 

<D 

cu 

CU 

C 

JZ- 

JZ- 

^~ 

S- 

r— 

CU 

0 

0 

0 

0 

O 

cu 

Z 

0 

-a 

O 

0 

JZ 

JZ 

JZ 

i— 

O. 

O 

0 

O 

a> 

1   , 

1 

re 

«o 

JZ 

s_ 

1 

>> 

cu 

•r- 

•1— 

A 

•r— 

1  . 

a. 

Q. 

4-> 

4-> 

-4-> 

O 

CU 

tO 

>6 

rO 

JZ- 

c| 

c| 

0 

a 

O 

u 

El 

Q-l 

CJ 

-0 

"O 

•0 

z 

■a 

Q-l 

cu 

CU 

cu 

CU 

cu 

<4- 

JZ 

r- 

CM 

co 

«d- 

LO 

to 

r^. 

CO 

CT» 

0 

t— t 

CM 

CO 

«d- 

U^ 

U3 

r^ 

CO 

CT> 

0 

CM 

I— « 

CM 

CM 
CM 

CO 
CM 

CM 

LO 
CM 

CM 

10 


0.07 


"I 


0.06 


0.05 


a: 

3    0.04 
:/} 

3Q 


0.03 


0.02  «H£ 


0.01 


im^ 


:]::: . 


:p  :::•(- 


_:X'.'.. 
■  •  i  ■  - 


.1: 


£&xh  _L^<m^:*2i^si^__^.^n  e*  peg  &£7ajo  r  -  >e . .  sv  J : 


I". 


10= 


Km- 


k — 

I  -  ■ 


it: 


jH3=~i 


£e==£3~ 


;,7T; ~± '-...:  4. j        ~  t  -  -  -     -  -  — — 


"1-..IL  rr4li:  i :: : :  liil  :  f&rr 


:^.-H:..,:-:^i 


^^—r 


=t=^i=: 


1 
1 

ft 
— t 


•f-i  > ;  1  ■  ■ .  1  -. — / — ■-*■• — ■■•;■•( 1— 


:i:r:;::. 


^<m^ 


£V4\j£:;G'lQVfit'ncti ; 


rrnrrrr 


:rr: 


—  rrr—rr -.":;;[— r;r 


:ferT 


:f: 


|P^£ytlHrr£^ji::i: . !  Llzirl: 


10 


20  30  40 


50 


60 


11 


,_ 

<o 

CO 

c 

c 

CTl 

id 

•i— 

4-> 

CO 

o 

a. 

o 

4-1 

ai 

4-> 

>1 

r— 

<o 

>0 

x: 

<0 

IO 

<o 

ns 

IO 

10 

IO 

IO 

iO 

IO 

id 

p— 

l/l 

<o 

+->  .c 

e 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

id 

+->  -C 

•r- 

c 

•—   4-> 

CO 

CTl 

i/i 

CO 

CTl 

c 

co 

CO 

en 

CTl 

CTl 

en 

CTl 

en 

CTl 

B 

OO 

f—   4-1 

2 

en 

nj 

en 

J* 

a  •#- 

O    X 

l/l 

</l 

00 

l/l 

J* 

oo 

oo 

00 

OO 

oo 

.    00 

OO 

oo 

OO 

i- 

o  X 

to 

•r- 

■»-» 

00 

oo 

lO 

•r- 

• 

4-    .* 

■o 

■a 

HJ 

-o 

"O 

II 

T3 

T3 

■o 

k 

XJ 

XJ 

XI 

XI 

XJ 

E 

<*-  -* 

J* 

X) 

4-     k 

o 

§ 

0) 

o 

O 

^— * 

O 

O 

o 

§ 

o 

o 

o 

o 

O 

XJ 

<u 

t»-    4. 

<o 

o 

•r-    o 

o 

k. 

o 

o 

OO 

O 

O 

o 

o 

o 

o 

o 

O 

o 

k. 

■i-    o 

% 

o 

x>  x 

o> 

en 

4J 

en 

en 

en 

CO 

en 

a. 

CTl 

CTl 

en 

en 

en 

o 

XI    J 

o> 

o» 

o 

8 

o 

O 

o 

o 

i-H 

O 

O 

o 

o 

CO 

o 

O 

o 

O 

o 

o 

O 

o 

«* 

o 

o 

o 

CTi 

o 

CM 

r^ 

CTl 

in 

i-H 

o 

CO 

CO 

CTl 

i—i 

i— 4 

CO 

o 

IO 

in 

CO 

r^ 

i-l 

CM 

i^ 

«r 

o 

«*■ 

oo 

«*■ 

in 

«3- 

o 

CTl 

r^ 

CM 

r^ 

r^ 

co 

CO 

CTl 

CM 

to 

CTl 

i-H 

>*- 

• 

* 

• 

* 

CTl 

vo 

r^ 

io 

r-^ 

CTl 

CM 

CO 

in 

CTl 

*r 

CTl 

r-» 

O 

IO 

CTl 

<*• 

«* 

H 

5 

«* 

O 

»r 

io 

in 

in 

»i- 

IO 

I 

in 

CM 

i—l 

«*■ 

in 

CM 

o 

CM 

in 

in 

CTl 

CM 

o 

r-» 

in 

IO 

in 

CTl 

00 

4-> 

r-« 

i— i 

CO 

C    C 

o 

o 

o 

O 

o 

r*. 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O    OJ 

o 

o 

o 

O 

o 

r^ 

in 

o 

o 

i—i 

CO 

o 

o 

CO 

«*■ 

co 

o 

•r—    *r— 

CO 

co 

H> 

*r 

CTl 

CM 

CO 

o 

00 

00 

i-H 

l-~ 

I-- 

IO 

CTl 

I—l 

CM 

CTl 

OO     O 

CO. 

co 

* 

o 

Ol 

CO 

o 

in 

i—i 

* 

CM 

IO 

CM 

CM 

co 

r-i 

1^ 

oo 

CM 

«* 

OO    •!- 

H 

a)  <«- 

co 

I— 1 

oo 

CM 

CM 

CO 

*r 

en 

IO 

CO 

■>* 

r-« 

to 

i—l 

in 

CO 

• 

s-  4- 

CO 

CO 

i— i 

i-H 

CM 

in 

i-t 

CTl 

CTl 

r--. 

io 

CM 

•—I 

CTl 

Ol 

CM 

OD  OJ 

r-» 

CM 

00 

vo 

CM 

i-H 

CM 

CM 

CM 

«r 

I—l 

in 

to 

OJ    O 

t— i 

1—1 

i-H 

CO 

i.    U 

o 

o 

O 

o 

O 

o 

o 

o 

o 

O 

co 

O 

O 

o 

o 

o 

CM 

o 

o 

in 

«3- 

1—1 

o 

CM 

co 

o 

«J- 

CM 

o 

•3- 

in 

CO 

CM 

CO 

«*• 

o 

i— < 

00 

in 

in 

IO 

co 

o 

o 

in 

00 

i-H 

«d- 

in 

in 

CM 

o 

CM 

* 

in 

+ 

io 

CM 

CO 

t^. 

O 

* 

r~ 

«*■ 

in 

CTl 

f-». 

IO 

«*■ 

CM 

oo 

in 

CM 

in 

CTl 

i—t 

i-l 

o 

IO 

o 

in 

r-» 

to 

CO 

in 

CO 

o 

CO 

to 

O 

oo 

i-t 

i 

CO 

O 

co 

o 

i-H 

IO 

o 
1 

O 

oo 

co 

CO 

i-H 

CM 

o 

+J  — -J 

5  ■=    E 

o 

o 

o 

»— I 

o 

O 

o 

o 

o 

' — * 

o 

O 

in 

O 

o 

o 

o 

o 

o 

o 

^     6     e'- 

I-l 

*r 

o 

in 

O 

o 

H 

in 

00 

o 

o 

CM 

i—i 

o 

o 

o 

in 

o 

o 

en  t-     Q. 

o 

r-l 

i— « 

in 

* — * 

CO 

in 

i-H 

o 

**/ 

in 

in 

O  ■—  ^ 

1-4 

in 

•-I 

ja 

o 

in 

o 

in 

o 

O 

o 

o 

o 

in 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

fc-    OJ 

in 

CM 

o 

CM 

o 

in 

o 

o 

o 

CM 

o 

O 

in 

o 

o 

o 

o 

in 

o 

o 

o  ■— 
oo   <o 

CM 

o 

o 

O 

o 

CM 

o 

o 

o 

o 

o 

o 

CM 

I—I 

o 

o 

o 

CM 

O 

o 

o 

o 

I-H 

O 

«-H 

o 

i-H 

1—1 

1—1 

o 

1—1 

i-H 

O 

o 

I—I 

I—l 

I—l 

O 

•-I 

i-i 

id    10 

■U 

OJ   co 

in 

o 

in 

o 

in 

in 

in 

in 

in 

o 

in 

in 

in 

in 

in 

in 

•  in 

in 

in 

in 

E    C 

■r-    O 

CM 

o 

CM 

o 

CM 

CM 

CM 

CM 

CM 

O 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

1/1 

k. 

OJ 

4->     O 

r-l 

H 

i-l 

OJ 

OJ 

E 
<o 

j- 

oo   o 

o 

o 

o 

o 

O 

o 

O 

o 

O 

o 

o 

O 

o 

O 

o 

o 

O 

O 

o 

o 

3    OJ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

»x 

id 

O    IM 

1— 

a. 

u 

< 

a 

z 
o 

1 

1—1 

I-H 

o 

«* 

00 

o 

in 

o 

o 

IO 

o 

o 

*J- 

o 

in 

CM 

to 

in 

in 

o 

«—  SZ 

en 

CO 

*r 

CM 

f— 1 

in 

CM 

00 

in 

CO 

CO 

CO 

co 

oo 

in 

CO 

*r 

00 

CM 

CO 

<d  *j 

r— 

< 

ec 

c 

•r-    <o 

CO 

CO 

rH 

CO 

CM 

co 

o 

CM 

CO 

CO 

1—1 

o 

CO 

CM 

CO 

I—l 

o 

to 

o 

o 

o 

+j 

id 

x>  a. 

I-H 

i— 1 

i-H 

1—1 

i-H 

1-1 

i-H 

CD 

*j  <— • 

< 

JO 

<-> 

id 

ui  — - 

1/1 

o 

^f 

o 

o 

en 

CO 

o 

r~ 

CTl 

in 

o 

00 

CM 

in 

CTl 

CM 

o 

CM 

in 

r^ 

in 

j= 

co 

lO 

1-4 

r-H 

o 

in 

CO 

*3- 

oo 

IO 

CO 

CM 

io 

i— 1 

i-» 

**• 

CTl 

p>» 

CO 

CO 

OJ  +J  —■ ■» 

LaJ 

_J 

>    CTl  ;a 

co 

CTl 

00 

co 

to 

CTl 

co 

CM 

CM 

00 

CO 

CO 

00 

CTl 

00 

CTl 

l»~ 

00 

CO 

CO 

<a  c  ■ — • 

i-H 

i— i 

i-H 

CO 

< 
h- 

X    OJ 

CO 

CTl 

co 

"* 

r-~ 

!-». 

CTl 

1-^ 

io 

o 

co 

CO 

CM 

CM 

o 

CO 

CTl 

to 

CTl 

ro 

«3- 

in 

i— 1 

CTl 

CO 

in 

o 

i— 1 

CTl 

CO 

«d- 

in 

«3" 

CO 

o 

O 

in 

in 

O 

<o 

E  k  — 

Q.  OJ     =. 

«* 

t— i 

00 

r^ 

CM 

IO 

CTl 

«* 

CM 

o 

CTl 

io 

i-H 

m 

o 

CO 

CO 

CM 

CTl 

CM 

a.  a. 

r^ 

oo 

in 

«* 

CO 

** 

CM 

^1- 

in 

^r 

ro 

ID 

<i- 

in 

in 

r^ 

«»■ 

CO 

CM 

CO 

>> 

*j  ^-^ 

CM 

c>. 

o 

r-. 

o 

00 

O 

O 

CM 

o 

CTl 

IO 

co 

i^ 

r-. 

CO 

o 

r^ 

O 

CO 

00 

■i-  <j 

en 

in 

CM 

00 

CM 

CTl 

o 

^t 

CO 

in 

00 

IO 

o 

00 

co 

CTl 

1—1 

CM 

O 

O 

OJ 

l/l    o 

«a- 

00 

CTl 

t~^ 

00 

o 

I-l 

CTl 

00 

CO 

r^ 

CM 

iH 

*3- 

CO 

00 

o 

O 

i-H 

to 

•r- 

c  ■»■» 

o 

r- 

r^ 

oo 

00 

00 

r^ 

in 

«3- 

O 

r-» 

CO 

r^ 

CTl 

o 

r^ 

CTl 

CTl 

r>. 

to 

4-> 

oj  en 

k 
OJ 
Q. 

XJ  ' — ■ 

f— < 

o 

O 

o 

O 

o 

O 

i-H 

1—1 

i—i 

O 

i—l 

o 

O 

1—1 

O 

o 

O 

o 

o 

O 

in 

in 

co 

CM 

IO 

CM 

o 

CM 

00 

CO 

io 

CO 

^1- 

O 

CM 

f-~ 

o 

r-- 

o 

oo 

J. 

o 

O 

o 

x-\ 

t— 1 

•—I 

CM 

00 

CO 

i-H 

r-i 

CTl 

1— 1 

i-l 

i—l 

o 

1—1 

i—i 

CM 

r-l 

a. 

_l 

O  1— 

o 

t— i 

oo 

oo 

IO 

•3- 

o 

co 

CTl 

00 

«T 

*r 

CO 

CO 

00 

IO 

CO 

00 

CD 

IO 

z:  3 

vo 

«r 

in 

r~- 

t— l 
i—t 

|-» 

o 

i-H 

in 

1—1 
1-1 

o 

H 

00 

00 

r~~ 

r» 

CO 

•* 

CO 

i-H 

•—I 

o 

1—1 

CO 

X 

r— 

CO 

E 

<o 

-o 

•r- 

s 

•a 

k. 

IO 

CO 

•  r- 

o 

•*— 

XI 

CO 

r-m 

r— 

OJ 

r— 

3 

r— 

o 

0) 

•1— 

> 

ia 

C71 

c 

o 

r— 

J= 

k 

cr 

E 

1— ' 

•pi 

^m^» 

ITJ 

SI 

<+- 

o 

OJ 

nj 

rtj 

r~ 

CO 

o 

s- 

0J 

+-> 

o 

IT> 

£= 

-C 

CO 

E 

o 

*J 

oo 

OJ 

x> 

a> 

CJ 

O! 

1- 

rv 

*J 

c 

l- 

J£ 

IO 

o 

*-> 

.p- 

o 

C 

+J 

E 

o 

c 

CO 

•  r- 

o 

O 

■u 

r— 

id 

o 

k- 

(O 

rtj 

•  r- 

CO 

k 

o 

TO 

E 

E 

IW. 

0J 

o 

ai 

^~ 

£ 

id 

4-1 

4-> 

+J 

O 

» * 

X 

o 

10 

1— 

c 

I- ■ 

o 

OJ 

OJ 

a> 

r— 

r— 

1X3 

4- 

ai 

k 

r— 

>1 

nj 

IO 

iO 

o 

oj 

U 

C 

c 

c 

>> 

>1 

k 

c 

O 

r— 

sz 

o 

>> 

ST. 

X 

Cl 

CO 

•  r- 

o 

o 

OJ 

4-» 

+J 

-T) 

o 

k, 

o 

o 

r— 

jr 

4-> 

o 

r— 

1 — 

1 — 

8 

c 

4-) 

4-> 

4-> 

N 

3 

3 

jQ 

O 

oo 

JC 

+-> 

OJ 

>1 

>> 

>! 

iO 

OJ 

0J 

0J 

c 

jQ 

X3 

r— 

k. 

r— 

CO 

o 

o 

0J 

E 

XJ 

.c 

xz 

4-> 

ex 

X 

o 

o 

u 

0J 

1 

1   , 

«3 

rt) 

JZ 

k 

>, 

-r— 

•r— 

1 

+-> 

4-1 

n 

(V 

CO 

<o 

id 

<o 

n 

c| 

cl 

O 

(J 

o 

o 

<y 

•o 

■D 

XJ 

a4 

0J 

a> 

.o 

xz 

-C 

I 

0. 

t-i 

r— 

03 

at 

"3 

JC 

1 

1 

c 
03 

X 

C 

cn 

J>> 

JC 
Q. 

1 

cu 

in 

03 

ca 

«j 

(0 

03 

n3 

rtJ 

03 

03 

03 

JC 

03 

03 

C 

nj 

03 

03 

r^ 

l/l 

c 

c 

c 

c 

c 

c 

T3 

c 

C 

C     «3 

C 

C 

T3 

C    03 

C 

c 

>a 

J* 

cn 

cn 

cn 

cn 

cn 

cn 

O 

cn 

en 

C0  4-) 

i/i 

cn 

cn 

O 

l/l 

cn+J 

cn 

cn 

c 

(- 

•r- 

•r- 

•r- 

•r— 

•r— 

■r" 

O 

03 

•r- 

•r- 

O 

03 

•r-     03 

•1 — 

•  r- 

cn 

o3 

l/l 

i/> 

1/1 

l/l 

W1 

10 

cni— 

1/1 

10 

in  T3 

1/1 

l/l 

cn 

m  -o 

in 

!/» 

■r- 

E 

1     03 

4-> 

1 

+-> 

l/l 

3 

TJ 

■0 

T3 

T3 

T3 

■O 

c  c 

•0 

T5 

J^    4- 

03 

TJ 

■O 

c 

03 

^  i- 

XJ 

XJ 

I. 

O 

0 

O 

O 

O 

O 

•r-      CD 

0 

O 

03  0 

at 

O 

O 

•r- 

at 

03    0 

O 

O 

■O 

O 

0 

O 

O 

O 

O 

J*    T- 

0 

O 

at  0 

L. 

O 

O 

-V 

%. 

£2. 

O 

O 

O 

C7> 

cn 

cn 

cn 

cn 

cn 

1/1      1/1 

cn 

cn 

5  a. 

■M 

cn 

cn 

in 

+j 

cn 

cn 

O 

cn 

O 

r^ 

O 

0 

w-* 

10 

cn 

8 

O 

0 

r-- 

O 

O 

O 

0 

O 

O 

O 

00 

•h 

0 

CO 

CO 

CM 

10 

0 

»3- 

cn 

& 

cn 

0 

10 

in 

O 

to 

CM 

O 

r^ 

CO 

*r 

cn 

00 

10 

10 

in 

CO 

r» 

1—1 

10 

rH 

CM 

>- 

•* 

to 

O 

r~ 

CM 

CM 

in 

CO 

1— 1 

r^ 

in 

10 

r» 

CM 

in 

* 

CO 

**■ 

O 

cn 

CO 

CM 

cn 

1— 1 

cn 

in 

cn 

00 

CO 

in 

co 

10 

10 

O 

co 

CM 

rH 

• 

cn 

cn 

3 

in 

ID 

r-» 

r-l 

0 

0 

r>. 

co 

10 

r-^ 

CO 

10 

CO 

8 

0 

CM 

CO 

in 

r-l 

O 

«» 

in 

r-l 

1-1 

CM 

r>» 

to 

•» 

• 

r-l 

H 

i-H 

rH 

4-> 

c   c 

1 

o  at 

O 

0 

O 

0 

O 

0 

cn 

0 

O 

CD 

0 

0 

O 

O 

O 

«3- 

0 

O 

•r-   ■»•• 

r- 

IT) 

l£l 

in 

r-l 

cn 

in 

t— 1 

CO 

en 

CM 

r-l 

in 

r-l 

CO 

O 

*3- 

CM 

l/l    U 

O 

cn 

cn 

.-i 

■— 1 

CM 

«* 

CM 

00 

•* 

«3- 

in 

10 

** 

O 

in 

00 

CO 

l/l  •«- 

r-. 

CM 

00 

CO 

P^ 

*r 

O 

CO 

CM 

co 

t-l 

in 

CO 

IO 

r-l 

« 

CO 

in 

CM 

OI  >»- 

ca 

• 

• 

• 

S_  it- 

r-» 

cn 

cn 

in 

O 

10 

O 

CM 

CM 

cn 

0 

10 

s 

cn 

CO 

O 

1— 1 

«3- 

CD  <l) 

CT1 

V© 

cn 

co 

«3" 

O 

in 

r-l 

r-l 

«* 

p^ 

in 

«* 

co 

f-s 

r-» 

r^ 

ai  o 

in 

CO 

co 

r~ 

CM 

r-l 

CO 

CM 

CO 

CO 

<«r 

r^ 

•-I 

10 

CO 

CM 

s-  o 

O 

0 

O 

O 

O 

eg 

i-H 

IO 

in 

CO 

d- 

0 

O 

CO 

0 

0 

0 

O 

O 

cn 

cn 

O 

r-l 

cn 

lO 

CO 

r-l 

r>- 

CO 

cn 

CO 

«3" 

00 

0 

cn 

cn 

CO 

r-» 

CO 

CM 

r-» 

«* 

t— 1 

«3- 

i—l 

CM 

CO 

CO 

CO 

co 

l£> 

* 

CM 

r-» 

rH 

a 

«d- 

10 

CO 

O 

CO 

CO 

** 

O 

CO 

CM 

r^ 

r-l 

10 

10 

in 

r-» 

CM 

CO 

O 

cn 

CO 

«* 

«9- 

CO 

CO 

** 

cn 

CO 

CTi 

co 

r-l 

1—1 

«r 

in 

O 

in 

O 
1 

0 
1 

•3- 

CM 

t— 1 

1 

r-l 
1 

O 
1 

0 
1 

O 
1 

0 

O 

O 
1 

CO 

CO 

0 
1 

CO 

in 

1— 1 

CM 

4->  *— 

in 

, , 

m 

0 

CO 

O 

0 

0 

^^ 

0 

in 

0 

O 

0 

<c  -r-  e 

O 

0 

O 

O 

O 

CM 

l/l 

CM 

0 

O 

0 

0 

in 

CD 

O 

in 

CD 

ieq. 

•H 

0 

O 

O 

O 

^— ' 

CM 

in 

in 

0 

•—' 

in 

1—1 

CO 

i-H 

CO  -r-     Q. 

•— « 

*J- 

CM 

H 

in 

1-1 

in 

Or-  ^_- 

CM 

JD 

O 

0 

O 

O 

O 

0 

0 

O 

O 

0 

0 

0 

0 

O 

O 

in 

0 

O 

0 

t-    0) 

O 

0 

O 

O 

O 

in 

0 

0 

O 

O 

0 

0 

0 

in 

0 

CM 

0 

0 

0 

O  "— 
1/1    (13 
JO    O 

1— 1 

0 

O 

O 

O 

CM 

0 

r-l 

O 

r-l 

0 

0 

0 

CM 

0 

O 

0 

0 

0 

O 

i-i 

rH 

r-l 

.—1 

0 

r-l 

O 

H 

O 

r-l 

1-1 

r-l 

O 

i-i 

O 

rH 

rH 

rH 

03  i/) 

4-> 

OI   l/l 

—  o 

O 

in 

IT) 

in 

in 

in 

in 

O 

in 

O 

in 

in 

in 

in 

in 

O 

in 

in 

in 

O 

CM 

CM 

CM 

CM 

CM 

CM 

O 

CM 

O 

CM 

CM 

CM 

CM 

CM 

O 

CM 

CM 

CM 

1/1 

1- 
01 

4-> 

4->     U 

H 

r-t 

r-l 

rH 

at 

at 

O 

E 

i/i  o 

O 

O 

O 

0 

O 

O 

0 

O 

0 

O 

0 

r-l 

0 

O 

O 

O 

0 

0 

0 

<o 

t-  t- 

rH 

t-4 

r-t 

r-l 

r-l 

t-l 

i-H 

r-l 

1— 1 

i—l 

r-l 

i-H 

r-l 

I-H 

i-H 

r-l 

I-I 

rH 

i-H 

S- 

zj  at 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

<T3 

O    IM 

a. 

o 

■ 

O 

Lf> 

t-l 

0 

r«> 

«* 

«r 

r-l 

CM 

O 

in 

in 

0 

«3- 

CO 

r-» 

VD 

d- 

0 

i —  jc 

r0   4~) 

CO 

CO 

in 

in 

CM 

CO 

CO 

CO 

O 

CO 

10 

CO 

CO 

co 

»*• 

in 

O 

10 

0 

c 

•r-    03 

CO 

IO 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

r-l 

0 

0 

CO 

0 

CO 

*4- 

CM 

CO 

o 
+-> 

-a  a. 

i-H 

t— 1 

i-H 

r-l 

r-l 

1— 1 

r-l 

I—l 

r-i 

4J  --* 

i- 

CM 

x> 

r—    £ 

-r- 

1/1  >— 

(0 

cn 

(J 

*3" 

t— 1 

CO 

cn 

CM 

O 

in 

O 

O 

0 

in 

in 

in 

CM 

CO 

CO 

O 

0 

JC 

O 

CO 

in 

CO 

*3- 

r~- 

cn 

l~» 

^; 

0 

CO 

CO 

CO 

«d- 

CO 

«a- 

CO 

CO 

t^ 

at  +-» - — ■ 

I— 1 

>  D13 

CO 

cn 

co 

cn 

CO 

co 

1-^ 

co 

co 

CO 

CO 

CO 

CO 

co 

CO 

co 

0 

--» 

rH 

03    C  --' 

i-H 

I—l 

CM 

1— 1 

je  at 

' 

cn 

CO 

CO 

0 

cn 

in 

CO 

00 

CO 

cn 

«3/ 

CO 

1—1 

0 

in 

cf 

CM 

CM 

00 

CO 

e  s-  i— 

in 

t— 1 

r~ 

CM 

cn 

O 

CM 

«* 

in 

O 

10 

CM 

0 

in 

co 

in 

cr> 

r^ 

CM 

am  3 

co 

cn 

in 

in 

CO 

■ci- 

10 

CO 

r» 

1— l 

CM 

IO 

r-» 

3 

cn 

0 

i-i 

CM 

r~» 

o.  a. 

0 

CO 

in 

O 

CO 

in 

CO 

CO 

«r 

r~. 

CO 

CM 

CO 

CM 

^> 

•* 

** 

*r 

t— « 

r-l 

>> 

4J  . , 

O 

CM 

in 

*3- 

co 

r»~ 

*J- 

in 

0 

CD 

CO 

u-> 

CM 

0 

0 

CO 

1—1 

CD 

CO 

i/i 

•f-     O 

co 

s 

in 

1— 1 

r-» 

** 

m 

CM 

in 

CO 

0 

CM 

IO 

CM 

0 

in 

1—1 

cn 

in 

a> 

1/1     (J 

co 

co 

cn 

cn 

10 

O 

0 

O 

1—1 

10 

O 

CM 

r-> 

0 

en 

co 

CO 

in 

a> 
o. 
o 

a>  01 
XJ  — - 

IO 

co 

r-» 

r- 

r- 

cn 

O 

CO 

co 

0 

10 

r-« 

IO 

O 

t~v 

in 

10 

CO 

«* 

0 

0 

O 

O 

0 

O 

r-l 

0 

0 

r-l 

0 

0 

O 

r- 1 

0 

1—1 

t— 1 

rH 

•— 1 

«-H 

IT) 

r-l 

<■ 

10 

O 

i-l 

co 

O 

co 

co 

CO 

in 

i—l 

0 

m 

10 

CM 

cn 

5- 

1 

O 

T-t 

rH 

O 

r-l 

r-l 

co 

r-l 

r-l 

CD 

r-l 

CM 

1-1 

i-H 

0 

00 

CO 

«r 

CO 

0  1— 

r-» 

co 

O 

CM 

O 

IO 

CO 

CM 

CM 

.—1 

IO 

«* 

CM 

•4- 

0 

r» 

in 

CO 

1— 1 

2:  3 

CM 

co 

VO 

CO 

O 

r^~ 

r-l 

O 

i-H 

P-^ 

IO 

CO 

1—1 

i-H 

r» 

cn 

0 

I-H 

10 
1—1 

10 
1—1 

CO 

rH 

CO 

0) 
4-> 

at 

4-> 

c 

at 

^— » 

0 

0 

»- 

+j 

03 

r— 

at 

CD 

at 

at 

O 

c 

+1 

c 

r- 

j* 

at 

at 

C 

0 

<? 

at 

CO 

at 

O) 

O 

> 

:> 

03 

*jj 

at 

-IJ 

e 

f— 

c 

r— 

T3 

r— 

JC 

r— 

r— - 

r— 

■!-> 

at 

c 

c 

03 

>, 

at 

at 

o3 

•r— 

0 

O 

r— 

>^ 

O 

O 

c 

j* 

•r- 

C 

at 

JC 

JC 

c 

r— 

•r- 

c 

jc 

O 

O 

4-> 

V> 

1/) 

at 

6 

•r- 

> 

-u 

4-> 

OJ 

>■) 

L- 

03 

0 

r— 

JC 

rj 

O 

O 

a. 

r— 

03 

r— 

at 

at 

JC 

JC 

a) 

»1 

0 

03 

O 

£3 

t— 

1— 

1 

>! 

r— 

*e 

O 

0 

v. 

+-» 

4-> 

j-> 

U 

r— 

O 

O 

r— 

r— 

CM 

sz 

O 

CO 

1/1 

s_ 

0 

0) 

at 

<a 

03 

r— 

r— 

i/> 

at 

at 

1 

4-» 

c 

CO 

0 

r— 

0 

0 

S. 

c 

>» 

03 

0 

0 

r— 

at 

o3 

~_* 

"P 

r— 

O 

S- 

S- 

at 

r— 

a. 

>> 

JC 

oj 

at 

JC 

JC 

0 

0 

C7> 

>> 

0 

c— 

r— 

r— 

r— 

J= 

r— 

■!-> 

JC 

at 

IT. 

1— 

o5 

O 

0 

» — 

1 — ■ 

0 

E 

u 

>> 

>. 

>> 

>> 

■M 

>» 

•1) 

+J 

c 

<o 

0 

-a 

03 

nj 

JC 

JC 

t- 

03 

0. 

JC 

JZ 

JC 

XT. 

s 

JC 

a 

JC 

03 

*> 

c: 

-0 

s- 

( 

u 

0 

-0 

O 

0 

+-> 

+-> 

+-> 

4-> 

4-> 

c 

a. 

4J 

CT 

tit 

0 

4-> 

-l-> 

•  r- 

•r- 

>> 

in 

i/) 

at 

at 

at 

at 

1 

at 

0 

m 

O 

at 

.c 

jjj 

OJ 

U 

J. 

J- 

jC 

••~ 

,r* 

e 

E 

E 

e 

•* 

E 

E 

c 

O 

c\ 

r.i. 

01 

4-> 

-u 

4-> 

-!-> 

■O 

at 

-0 

cu 

c 

at 

0 

i) 

•t — 

X 

m 

cu 

t/i 

<_ 

O 

•a 

at 

i/i 

T3 

•r* 

o 

+J 

O 

c 

E 

•r- 

•r- 

r— 

4-> 

C 

>> 

•r- 

OJ 

O 

m 

a. 

>> 

0 

u 

c 

0) 

0 

M 

^ 


at 

oo 

1 — 

c: 

n 

0 

n 

1- 

c 

u 

03 

F3 

■i-» 

ja 

11 

0 

n. 

s. 

I- 

3 

fl) 

U 

-u 

<r. 

r — ' 

O 

O 

U 

*> 

O 

RJ 

-) — 

l- 

E 

a 

■>" 

11 

rfl 

^_ 

'J 

3, 

1 1 


1 

10 

«J 

rtj 

«3 

rtJ 

I/I 

c 

C 

c 

e 

c 

■itf 

en 

OI 

en 

en 

en 

i- 

<o 

</l 

l/> 

</i 

</! 

w 

E 

<u 

T3 

T3 

■0 

■0 

•0 

l_ 

O 

O 

O 

0 

0 

O 

O 

O 

0 

0 

en 

en 

en 

en 

en 

O 

0 

O 

O 

0 

O 

*3- 

«3- 

n- 

in 

cm 

0 

CO 

CO 

0 

CO 

CO 

in 

•— t 

in 

!~ 

r^. 

co 

O 

0 

CO 

10 

cvj 

>o 

t— 1 

in 

CVJ 

CVJ 

1— t 

r- 1 

r-« 

to 

.—1 

c  c 

o  o> 

O 

0 

O 

0 

O 

•r-  *r- 

<0 

*3- 

.—i 

CT> 

O 

10  O 

10 

cm 

en 

*r 

CM 

</>  •<- 

ea 

«* 

cm 

r- 1 

cr> 

10 

QJ  "+- 

I-  <4- 

f-H 

en 

CO 

r- 

CM 

cn  d) 

LT) 

0 

*r 

CO 

vO 

<u  o 

CVJ 

CO 

CO 

CVJ 

in 

s-  o 

0 

<■ 

cr> 

0 

co 

0 

0 

CO 

in 

*r 

CO 

CM 

CVJ 

r^ 

«* 

a 

<t 

IO 

<-o 

CO 

CVJ 

CO 

vO 

r^ 

CVJ 

in 

IT) 

O 

O 

•— ( 

0 

«* 

1 

1 

1 

1 

■t->'-~ 

O 

in 

O 

0 

0 

«C  •.-   H 

O 

CVJ 

0 

0 

0 

3:  e  a 

O 

CVJ 

i-H 

t-t 

1/0    -r-    O. 

y-f 

0  ■— -— 

.£> 

O 

0 

O 

0 

0 

S-    <l) 

O 

in 

0 

0 

in 

O  <— 

O 

C\J 

0 

0 

CVJ 

in  10 

X)  0 

.-H 

0 

r-i 

t— 1 

0 

•o  in 

+J 

CL>    l/> 

in 

in 

in 

in 

0 

B  c 

i-  0 

CSJ 

CSJ 

CM 

CVJ 

0 

to 

4->    O 

1— t 

S- 

01 

QJ 

<V 

e 

l/l    O 

O 

O 

0 

O 

0 

<o 

s-  s- 

w* 

t— 1 

t— < 

t— i 

1-1 

j- 

3  a> 

X 

X 

X 

X 

X 

10 

O    N 

O- 

0 

1 

0 

«r 

T-t 

in 

00 

<—  .c 

CO 

CO 

CM 

1 — 

CM 

(O  4-» 

C 

•f-  <a 

0 

CO 

in 

CVJ 

CO 

O 

■O    Q. 

•— < 

H 

f-» 

4-> 

<T3 

+**-* 

S_ 

•  r—     P 

t-H 

.— 1 

CVJ 

r— 1 

CVJ 

JD 

r—     £ 

irt  —- 

«3 

<J 

10 

CO 

r»- 

in 

CD 

JZ 

co 

CVJ 

10 

*l- 

10 

QJ  +-•  ^-> 

>  cr>  3. 

CO 

cr> 

co 

CVJ 

CVJ 

«)  c^ 

r-l 

i-H 

.-H 

s  qj 

r— 

r-. 

in 

t— 1 

CO 

co 

10 

«3- 

■-H 

in 

in 

B   i-  <— 

a<u   3 

in 

O 

O 

«a- 

■=* 

0.  CL 

co 

CO 

*r 

Cl 

co 

t 

r- 

>> 

* * 

4->  '-- 

IT) 

CM 

cn 

^H 

f-« 

in 

•r-    O 

CO 

CVJ 

10 

i-H 

i-t 

QJ 

i/>   O 

10 

CVJ 

10 

UD 

10 

•r— 

c  -^ 

LT> 

r-. 

CO 

CO 

CO 

-l-> 

QJ    CT 

S- 

•O  -— - 

r-t 

0 

0 

0 

0 

qj 

Q. 

O 

O 

CM 

CO 

CO 

CO 

J- 

«* 

1—1 

t— 1 

I— 1 

r-i 

Q. 

O  t— 

r^ 

.-H 

CVJ 

in 

10 

sl  3 

CO 

0 

CTl 

0 

O 

i-( 

t-t 

t— 1 

H 

X 

B 

, — 

n3 

•r— 

r— 

O 

lO 

i- 

•r— 

QJ 

QJ 

s- 

c 

p 

QJ 

•r- 

^ 

+-> 

E 

O 

(O 

CO 

«> 

O 

s: 

.-) 

r— 

QJ 

^-* 

f-i 

>> 

CD 

C 

JET 

c 

OJ 

QJ 

c 

■U 

QJ 

C 

0 

QJ 

72 

>> 

QJ 

QJ 

•t— 

•  r~- 

X 

r— 

i- 

i- 

O 

1 

>> 

Lu 

-1J 

4-> 

Oj 

X 

•O 

QJ 

T3 

0) 

C 

QJ 

O 

(.J 

•r- 

X 

10 

QJ 

(/) 

QJ 

4-> 

i. 

O 

en 

C 

QJ 

!- 

(/I 

•t— 

C 

5- 

O 

•O 

<1> 

U1 

T3 

•r- 

73 

J-J 

O 

■r- 

C 

>>     ■r- 

<tJ        O 
10         Q. 


NP 


o 


o 
4-J 


14 


where: 

V[_iq  =  Liquid  volume  in  microliters 
Cppm  =  Concentration  in  parts-per-million 
^ATM  =  Pressure  in  atmospheres  (assume  1  atm) 
P  =  Liquid  density  (grams  per  milliliter) 
MOL  WT  =  Molecular  weight  (grams  per  mole) 
R  =  Gas  constant  (0.08205  liter  atmospheres  per  mole  °K) 
T  =  Absolute  temperature  (°K)  (use  293  °K  =  20  °C) 
5.64  =  Volume  of  gas  cell  plus  calibrating  pump  (liters) 
with  actual  numerical  values  used  being: 

ppm  _  p  •  (0.08205)  •  293  •  103  _  4262  5  ,  _p 

yl  5.64   •   MOL  WT  •   1  '   MOL  WT 

A  typical   calibration  curve  is  obtained  as  follows  using  methyl 
isobutyl  ketone.     Using 

MOL  WT  =  100.16       and       Density  P  =  0.7978 

calculate 

From  the  Foxboro  Analytical  Chart  (reference  3)  the  suggested 
MIRAN-IA  settings  are: 

Wavelength-8.5y    Path-20.25  meters    Absorbance-0.31 

OSHA  limit-100  ppm 

The  amount  of  liquid  sample  needed  to  provide  a  concentration 
of  100  ppm  is: 

100    .  nr     , 
3T95  =  2-95  vl 

therefore,  3  yl  are  used.  In  addition,  it  is  decided  that  a  slit  opening 
of  1  mm,  a  time  constant  of  2.5,  and  a  coarse  zero  setting  of  X10  will  be 
used.  The  path  length  of  20.25  meters  is  about  equivalent  to  a  dial  set- 
ting of  13.00  on  the  instrument.  With  all  these  parameters  set,  a 
3  yl  liquid  sample  is  injected  into  the  system  and  the  wavelength  wheel 
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and  path  length  dial  are  varied  until  a  maximum  signal  is  obtained.  The 
best  signal  is  found  at  a  wavelength  of  8.42  y  and  a  path  dial  setting  of 
13.27  with  an  absorbance  reading  of  about  0.38  on  unit  absorbance  scale. 
With  all  instrument  parameters  set,  the  calibration  proceeds.  It  is  done 
by  injecting  0.5  yl  increments  up  to  a  total  of  3  yl.  After  each  0.5  yl 
increment  is  injected,  approximately  30  to  60  seconds  are  allowed  for  the 
instrument  to  settle  to  a  steady  output  value  before  the  next  injection. 
This  procedure  is  repeated,  possibly  with  variations,  for  checking  pur- 
poses. 

An  average  absorbance  reading  is  obtained  at  each  concentration 
level.  This  data  is  then  fed  to  the  Wang  2200C  least  squares  regression 
analysis  program,  which  provides  the  "best"  (in  the  least  squares  sense) 
second  order  polynomial  to  fit  the  data.  This  fit  is  in  the  form  of  the 
a;  b;  y  constants  shown  in  Table  5  under  methyl  isobutyl  ketone. 

A  calibration  is  specific  for  the  material  used.  Many  of  the 
materials  used  were  obtained  in  a  pure  or  spectro-grade  form  from  the 
NAVPGSCOL  chemistry  laboratories.  It  was  found  the  same  chemical  materi- 
al obtained  from  the  plant  or  laboratory  of  NAVAIREWORKFAC  North  Island 
might  give  a  similar  but  different  calibration.  This  is  probably  due  to 
commercial  grade  material  which  is  not  pure,  or  to  mixtures  of  isomers 
for  a  material  having  isomeric  forms.  Care  should  be  taken  to  calibrate 
with  the  same  material  that  will  actually  be  used  in  plant  work  so  that 
correct  plant  concentrations  will  be  reported. 

The  slit  opening  generally  was  set  at  1  mm.  If  a  signal  was 
weak,  slit  opening  could  be  increased,  as  well  as  path  length,  to  try  to 
improve  the  signal.  Only  a  few  materials  required  this  action.  The  time 
constant  was  varied  depending  on  noisiness  of  signal  and  rate  of  signal 
response.  This  generally  was  a  problem  for  weak  signal  materials  requir- 
ing 0.1  or  0.025  absorbance  scales.  All  calibrations  reported  were  made 
with  the  original  detector/preamplifer  supplied  with  the  instrument. 
This  device  tended  to  be  noisy.  A  new  detector/preamplifier  was  pur- 
chased and  installed  before  going  into  the  plant  with  the  instrument. 
The  new  device  appears  to  give  signals  with  appreciably  attenuated  noisi- 
ness. 

The  complete  calibration  results  for  methyl  isobutyl  ketone  are 
shown  in  Table  6.  The  regression  analysis  was  done  with  and  without  a 
zero  point.  Theoretically,  all  calibration  curves  should  go  through 
zero.  However,  when  a  curve  is  "forced"  to  go  through  zero  by  inputting 
a  '0'  absorbance  point,  the  resulting  polynomial  fit  is  generally  rela- 
tively good  near  zero  and  not  so  good  at  concentrations  near  the  OSHA 
limit.  If  the  zero  point  is  left  out  of  the  regression  analysis,  the  fit 
near  zero  is  not  too  good,  while  that  near  the  OSHA  limit  is  generally 
better  than  for  the  zero  point  case.  The  a;  3;  y   constants  of  Table  5 
are  for  the  non-zero  point  case  with  a  few  noted  exceptions. 
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C.  Calibration  Curves-Mixtures 

In  many  areas  of  the  NAVAIREWORKFAC  North  Island  plant,  mix- 
tures of  materials  are  used  in  daily  operations.  If  the  MIRAN-IA  is  to 
be  used  for  sampling  in  these  areas,  it  is  necessary  to  give  some  consid- 
eration to  the  effect  of  one  or  more  other  materials  being  present  when 
sampling  for  a  specified  material.  Many  questions  arise.  Assuming  the 
composition  of  a  mixture  is  known,  it  is  possible  to  set  the  instrument 
at  the  calibration  settings  for  one  of  the  ingredients  and  to  sample  for 
that  ingredient  and  to  try  to  determine  the  effect  on  absorbance  readings 
due  to  other  ingredients  present.  If  the  other  ingredients  have  absor- 
bance at  the  wavelength,  path  length,  etc.  set  for  a  specified  ingre- 
dient, then  absorbance  readings  should  be  different  than  those  for  the 
pure  material.  Will  the  measured  absorbance  be  more  or  less  than  that 
for  the  pure  material?  How  is  the  actual  concentration  for  a  given 
material  determined  when  absorbance  readings  come  from  a  mixture  of  two 
or  more  materials?  In  an  attempt  to  answer  these  and  other  questions, 
two  common  mixtures  were  chosen  to  work  with. 

The  first  was  epoxy  thinner  used  in  paint  shops.  It  is  known 
to  be  a  mixture  of  equal  parts  by  weight  of  toluene  and  methyl  isobutyl 
ketone  (MIBK)  as  follows: 

Weight  Fraction    Mole  Fraction    Volume  Fraction 

Toluene       O  0.52088      0.47916 

MIBK         0.5  0.47912         0.52084 

If  the  instrument  is  set  at  calibrate  settings  for  toluene  and 
10  yl  of  epoxy  thinner  mix  are  injected,  an  absorbance  of  about  0.46 
might  be  expected.  This  figure  was  obtained  by  noting  that  10  yl  of 
mixture  contains  4.8  yl  of  toluene  which,  if  injected  as  pure  material, 
should  give  a  0.46  absorbance  reading.  The  actual  reading  was  about  0.40. 

On  the  other  hand,  if  the  instrument  is  set  at  MIBK  calibrated 
settings  and  5.75  yl  of  epoxy  thinner  mix  are  injected,  an  absorbance  of 
about  0.35  might  be  expected.  In  5.75  yl  of  mix,  there  are  3  yl  of  MIBK 
which  should  give  an  absorbance  of  about  0.35,  if  injected  as  pure  ma- 
terial. The  actual  reading  for  5.75  yl  of  mix  was  about  0.34. 

These  readings  are  close  to  those  for  pure  materials  and  sug- 
gest that  it  might  be  possible  to  sample  for  toluene  or  MIBK  as  pure 
materials  even  though  they  are  present  in  a  mixture.  This  would  be  the 
case  if  there  was  absolutely  no  interference  from  the  presence  of  other 
materials.  Alternatively,  the  mixture  could  be  treated  as  a  "new"  ma- 
terial for  which  a  calibration  could  be  run  and  then  an  attempt  could  be 
made  to  get  data  for  Cppm  of  toluene  and  MIBK.  The  results  could  be 
used  for  plant  sampling  in  areas  where  epoxy  thinner  is  used. 

The  alternative  procedure  was  followed  and  the  results  are 
shown  in  Table  7  and  Table  8.  Thus,  it  should  be  possible  to  take  the 
instrument  into  a  plant  area  where  epoxy  thinner  mix  is  being  used,  set 
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it  for  either  toluene  or  MIBK,  take  readings,  and  resolve  them  into  con- 
centration  of  both  materials.     The  tables  also  show  the  data  for  pure 
material  and  indicate  that  at  a  given  Cpnm,  the  absorbance  for  a  ma- 
terial present  in  the  mix  will  be  lower  than  if  the  same  material  were 
present  as  pure  material. 

The  other  mixture  studied  was  epoxy  primer,  which  is  a  mixture  of 
solids  and  liquids  as  follows: 

%  by  weight  of  total  mix    %  by  weight  of  liquid  part 

24.37 
37.70 
6.21 
15.86 
15.86 
100.00 


solids 

46.29 

MIBK 

12.60 

toluene 

19.50 

xylene 

3.21 

isopropyl  alcohol 

8.20 

n-butyl  alcohol 

8.20 

100.00 

It  is  the  liquid  part  of  this  mix  that  is  of  interest  since  it 
contains  five  ingredients.  The  liquid  portion  was  injected  into  the 
MIRAN-IA  in  3  and  15  yl  amounts  at  the  calibration  settings  for  each  of 
the  five  pure  materials.  The  15  yl  amounts  contained  the  following 
amounts  of  the  various  ingredients: 


1  of 

Mix  In 

gredi 

ent 

Equivalent  C 

MIBK 

3.66 

128.33* 

toluene 

5.65 

215.99* 

xylene 

0.93 

31.13 

isopropyl  alcohol 

2.38 

139.53 

n-butyl  alcohol 

2.38 

113.16* 

— 

15.00         *0SHA  limit  exceeded. 

The  results  at  the  various  pure  component  calibration  settings 
are  shown  in  Table  9.  In  general,  for  a  given  Cppm,  the  absorbance  of 
the  mix  is  higher  than  it  would  be  for  the  pure  material.  This  behavior 
is  the  opposite  of  that  experienced  for  the  epoxy  thinner  mix  and  indi- 
cates that  mixture  behavior  is  unpredictable.  To  be  sure  of  mixture 
behavior,  it  should  be  calibrated  before  using  the  MIRAN-IA  to  sample  for 
material  in  a  work  area. 

In  any  case,  if  sampling  is  done  in  areas  where  mixtures  are 
being  used,  any  absorbance  reading  obtained  that  is  less  than  OSHA  limit 
indicates  that  a  safe  level  of  concentration  for  the  given  material 
exists.  What  may  not  be  readily  available  is  the  exact  concentration  of 
the  given  material.  The  problem  lies  in  what  other  materials  present  are 
contributing  to  an  absorbance  reading.  It  is  known  that  absorbance  read- 
ings are  additive.  Thus,  if  the  contributions  of  other  materials  is 
known,  these  corrections  can  be  made  so  that  an  exact  concentration  can 
be  determined.  However,  the  first  question  that  must  always  be  answered 
is  "Is  the  OSHA  limit  for  the  concerned  material  being  exceeded?"  The 
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TABLE  9  -  CALIBRATION  RESULTS  -  EPOXY  PRIMER  MIX   -  VARIOUS  CALIBRATION  SETTINGS 


pl 

mix 
injected 

toluene  calibrate  set  ■ 

pure 
toluene 

Cppnr- 

MIBK  calibrate  set 

pure 

Ml 

absorb- 
ance 

Cppm 

vl 

absorb- 
ance 

Cppm 

MIBK 
Cppm 

0 
2 

4 
6 
8 
10 
12 
14 
15 

0 
0.718 
1.436 
2.154 
2.872 
3.590 
4.308 
5.026 
5.385 

0 

.102. 

.181 

.262 

.330 

.395 

.453 

.514 

.525 

0 

28.80 

57.60 

86.40 

115.20 

143.99 

172.79 

201 .  59 

215.99 

-0.76 
35.91 
66.61 
100.17 
129.97 
159.85 
187.65 
218.95 
223.66 

0 
0.504 
1.008 
1.512 
2.016 
2.520 
3.024 
3.528 
3.780 

0 
.135 
.259 
.371 
.486 
.568 
.669 
.763 
.790 

0 

17.11 

34.22 

51.33 

68.44 

85.55 

102.66 

119.78 

128.33 

-0.29 

32.42 

65.36 

97.48 

132.81 

159.45 

193.93 

227.67 

237.65 

pl 
mix 
injected 

xylene  calibrate  set 

pure 
xylene 

ppm 

isopropyl   alcoh&T  calibrate  set 

isopropyl 

Pl 

absorb- 
ance 

Cppm 

pl 

absorb- 
ance 

^ppm 

alcohol 
Cppm 

0 
3 
6 
9 
12 
15 

0 
.18 
.36 
.54 
.72 
.90 

0 
.0188 
.0344 
.0506 
.0681 
.0831 

0 
6.22 
12.45 
18.67 
24.90 
31.12 

-0.52 
10.46 
19.97 
30.25 
41.79 
52.06 

0 
0.501 
1.002 
1.503 
2.004 
2.505 

0 
.050 
.104 
.149 
.192 
.230 

0 

27.91 

55.81 

83.72 

111.62 

139.53 

1.32 
48.79 
102.49 
149.19 
195.46 
237.69 

pl 

n_-butyl  alcohol  calibrate  set 

pure 
n-butyl 

mix 

absorb- 

alcohol 

injected 

pl 

ance 

r 

''ppm 

Cppm 

0 

0 

0 

0 

2.88 

2 

0.324 

.0293 

15.09 

26.95 

4 

0.648 

.0572 

30.18 

50.25 

6 

0.972 

.0822 

45.27 

71.44 

8 

1.296 

.1080 

60.35 

93.62 

10 

1.620 

.1325 

75.44 

114.98 

12 

1.944 

.1548 

90.53 

134.66 

14 

2.268 

.1760 

105.62 

153.59 

15 

1      2.430 

-.1873 

113.17 

163.77 
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second  question  is  "What  is  the  exact  concentration  of  the  concerned 
material?"  The  first  question  can  always  be  answered  by  the  use  of  the 
MIRAN-IA,  and  it  may  well  be  possible  to  answer  the  second  question  also, 
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IV.  UPDATING  THE  MIRAN-IA 


A.  General 


The  MIRAN-IA  owned  by  the  AESO  was  obtained  in  January  of 
1973.  It  was  used  extensively  in  1976,  for  a  period  covering  two  months, 
and  again  in  1976  for  some  work  at  NAVPGSCOL,  covering  a  period  of  one 
month.  Prior  to  these  periods,  it  had  been  little  used.  In  anticipation 
of  some  further  work  to  be  done  using  the  instrument  during  1978,  updat- 
ing the  instrument  was  desirable.  Accordingly,  letters  of  inquiry  were 
sent  to 

Dr.  Donald  S.  Lavery 

Consultant  in  Analytical  Chemistry 

13  Betts  Place 

East  Norwalk,  CT  06855 

and  to 

Foxboro  Analytical 

Suite  301 

151  Call  an  Ave. 

San  Leandro,  CA  94577 

asking  about  the  possibility  and  desirability  of  updating  the  MIRAN-IA. 

Dr.  Lavery  replied  to  the  effect  that  the  original  performance 
tests  should  be  repeated  and  results  compared  to  original  results.  If  a 
degradation  of  performance  was  noted,  then  the  following  should  be  done: 

1.  Inspect  windows  and  replace  if  surfaces  are  deteriorated. 

2.  Replace  detector/preamplifier  assembly. 

3.  Rebuild  long-path  cell. 

Mr.  Charles  Salisbury  of  the  Foxboro  San  Leandro  office  visited 
NAVPGSCOL  to  observe  and  check  the  instrument.  It  was  his  opinion  that 
the  sodium  chloride  windows  had  deteriorated  due  to  exposure  to  mois- 
ture. Even  though  the  instrument  was  still  usable,  the  infrared  energy 
reaching  the  long-path  cell  was  substantially  reduced.  It  was  recom- 
mended the  windows  be  replaced  by  silver  bromide  windows,  which  are  less 
susceptible  to  moisture  deterioration  and  pass  a  wider  band  of  infrared 
energy.  Mr.  Salisbury  also  recommended  that  the  detector/preamplifier 
assembly  be  replaced  with  a  current  model,  which  is  much  less  susceptible 
to  the  effect  of  airborne  acoustical  interference  (i.e.,  microphonic 
interference). 

As  a  result  of  the  recommendations  of  Dr.  Lavery  and  Mr. 
Salisbury,  the  following  materials  were  ordered: 
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1.  Zero  gas  filter  for  removal  of  organic  vapors. 

2.  Replacement  cartridges  for  the  zero  gas  filter. 

3.  New  sodium  chloride  windows. 

4.  Silver  bromide  windows. 

5.  Silver  bromide  window  holders. 

6.  Complete  detector/preamplifier  assembly. 

7.  Book  on  "Hazardous  Gases  and  Vapors"  (reference  4). 

8.  Particulate  filter  replacement  cartrides. 

9.  Septa  membranes  for  use  with  calibration  circulating 
pump. 

10.  Slide/tape  presentation  on  the  detection  and  measure- 
ment of  toxic  gases  and  vapors. 

Item  10  is  the  first  step  in  a  plan  to  provide  further  instruc- 
tion and  insight  to  the  use  of  infrared  techniques  for  determining  com- 
pliance with  OSHA  regulations.  Both  Dr.  Lavery  and  Foxboro  Analytical 
have  been  consulted  about  the  possibility  of  a  short  course  presentation 
at  AESO  San  Diego,  concerning  the  use  of  infrared  techniques  and  the 
MIRAN-IA  in  particular.  It  is  hoped  that  a  more  intelligent  and  wider 
use  of  such  instruments  can  be  made  if  a  continuing  education  aspect  is 
introduced. 

Dr.  Lavery  is  quite  willing  to  provide  this  service  at  a  rather 
substantial  cost.  Foxboro  Analytical  says  it  will  consider  providing 
such  a  service,  but  is  not  yet  organized  to  do  so.  However,  they  indi- 
cated they  might  arrange  some  sort  of  training  program  in  the  near 
future.  Accordingly,  no  decision  has  been  made  on  what  to  do  at  the 
moment.  A  sort  of  "pressure"  is  being  kept  on  Foxboro  Analytical  to  do 
something  since  it  may  be  more  desirable  for  the  manufacturer  to  give 
such  a  presentation. 

The  local  {]_.e. ,  San  Diego)  Foxboro  representative 

Mr.  James  Steele 

Foxboro  Analytical 

Flair  Business  Park 

Suite  100  -  9420  Telstar  Ave. 

El  Monte,  CA  91731 

has  been  contacted  concerning  updating  the  MIRAN-IA  and  a  course  presen- 
tation. He  has  visited  the  AESO  group  for  consultation  on  changes  to  the 
instrument,  and  has  indicated  that  our  request  for  continuing  education 
has  been  passed  on  to  the  company  for  consideration. 
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All  materials  ordered  have  arrived,  the  last  parts  reaching  San 
Diego  on  22  November  1978. 

B.  Window  Replacement 

The  AESO  version  of  the  MIRAN-IA  has  a  7.5  cm  cell  built  in  for 
possible  use  with  strongly  absorbing  materials.  This  short  cell  provided 
some  concern  as  to  just  how  to  replace  the  cell  windows.  The  Operation, 
Maintenance,  and  Service  Manual  (reference  11)  was  written  for  an  instru- 
ment without  the  short  cell.  After  consultation  with  Mr.  Salisbury  and 
Mr.  Steele  of  Foxboro  Analytical  and  thoroughly  studying  the  instrument 
mechanical  assembly,  the  replacing  of  the  sodium  chloride  windows  with 
silver  bromide  windows  was  done  with  no  trouble.  The  details  of  the 
replacement  procedure  are  written  up  in  reference  12,  page  43. 

It  was  not  necessary  to  get  an  instrument  reference  reading 
before  separating  the  cell  body  from  the  infrared  source  module.  The 
mechanical  assembly  was  such  that  when  the  separated  bodies  were  re- 
joined, there  was  no  optical  alignment  shifting  that  would  require  peak- 
ing the  instrument  response.  The  short  cell  was  put  back  even  though  it 
never  had  been  used.  At  some  future  time  there  might  be  a  need  for  it. 

After  installation  of  the  silver  bromide  windows,  the  instru- 
ment was  set  for  MIBK  calibration  and  3  yl  of  MIBK  were  injected.  A  good 
response  was  obtained,  which  checked  earlier  results  using  the  sodium 
chloride  windows.  This  response  can  be  seen  in  reference  12,  page  43. 

C.  Detector/Preamplifier  Replacement 

It  is  possible  for  optical  misalignment  to  occur  when  changing 
detector/preamplifier  assemblies.  Thus,  before  starting  the  change,  the 
instrument  was  set  to  the  following  settings: 

slit  -  1  mm    time  constant  -  1    coarse  zero  -  X10 

wavelength  -  3.5  y    path  dial  -  0.3  (i.e.,  '0'  meters) 

and  the  fine  zero  was  adjusted  to  its  minimum  point,  which  gives  about 
0.0  on  the  percent  Transmittance  (T)  scale. 

After  installing  the  new  assembly,  it  was  necessary  to  move  it 
in  X,  Y,  and  Z  directions  to  try  to  maximize  a  reading  of  about  60  per- 
cent T,  which  was  set  using  fine  zero  control.  This  was  accomplished 
with  little  or  no  trouble.  The  details  of  the  change  appear  in  reference 
12,  page  41. 

Finally,  the  instrument  was  set  for  MIBK  calibration  and  3  yl 
of  MIBK  were  injected.  A  good  response  was  obtained,  which  checked  with 
that  obtained  after  window  installation  and  with  the  sodium  chloride  win- 
dows. It  was  noted  that  the  recorded  response  gave  a  much  "quieter"  sig- 
nal, which  is  the  behavior  expected.  The  response  can  be  seen  in  refer- 
ence 12,  page  43,  and  can  be  compared  to  that  for  window  replacement  only, 
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V.  ADDITIONAL  MATERIALS 


A.  General 

The  commercial  mixture  of  isomers  used  for  cresol  proved  to  be 
quite  difficult  to  work  with  in  that  a  poor  signal  was  obtained  and  no 
calibration  was  possible.  Samples  of  the  para  and  meta  cresol  isomers 
were  available  at  NAVPGSCOL  and  were  run  for  calibration. 

Three  additional  materials  were  candidates  for  calibration  and 
were  run.  They  are: 

1.  Dioctyl  phthalate  (a  plasticizer) 

2.  Isooctane 

3.  Formaldehyde  (37%  water  solution) 

All   three  are  used  in  varying  amounts  at  NAVAIREWORKFAC  North 
Island.     Only  one,  formaldehyde,  appears  on  the  Foxboro  Analytical  chart, 
with  an  OSHA  limit  of  3  ppm. 

B.  p-Cresol  and  m-Cresol 

Samples  of  these  isomers  were  successfully  calibrated.  The 
calibration  data  is  shown  in  Figures  2  and  3.  The  calibration  results 
are: 

p-Cresol         m-Cresol 


108.13 
1.0336 
40.74 
8.6 

1 

13.29 

X10 

1 

(O-.l) 

5  (skin) 


MOL  WT 

108.13 

density  (g/ml) 

1.0347 

ppm/yl 

40.79 

wavelength  (y) 

8.48 

slit  (mm) 

1 

dial  path 

13.29 

coarse  zero 

X10 

time  const. 

1 

absorb  scale 

(O-.l) 

OSHA  limit  (ppm) 

5  (skin) 

a 
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1.81125  x  10 
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p-Cresol         m-Cresol 

3  131.62263  177.17585 

Y  1864.81075         5513.8483 

Both  materials  gave  good  relatively  noise-free  signals  at  a 
time  constant  of  unity.  This  work  was  done  with  the  new  windows  and  new 
detector/preamplifier,  and  indicates  that  a  better  quality  signal  will 
generally  be  available  with  the  new  equipments. 

It  should  be  noted  that  the  first  cresol  work  done  was  with  a 
commercial  isomer  mix  obtained  at  NAVAIREWORKFAC  North  Island.  This  ma- 
terial had  an  unknown  but  bad  effect  on  two  one-mi crol iter  syringes  in 
that  they  were  both  completely  unusable  after  working  with  this  materi- 
al. New  syringes  were  purchased  and  used  with  the  para  and  meta  isomers 
and  no  difficulties  were  encountered. 

C.  Dioctyl  Phthalate 

This  material   is  one  of  several  plasticizers  in  use  at 
NAVAIREWORKFAC  North  Island,   but  is  a  typical   one.     It  does  not  appear  on 
the  Foxboro  Analytical   chart,  so  no  information  is  available  about  its 
potential   toxicity  or  calibration  parameters.     It  is  possible  to  find 
infrared  spectra  for  this  material   and  they  indicated  possible  absorbance 
bands  around  7.8-7.9  y   or  9  v. 

Using  the  properties 

MOL  WT  -  390.3  Density  -  0.978  g/ml. 

it  was  possible  to  calculate  ppm/yl  =  10.68.     It  was  decided  to  inject 
5  Pi   of  this  viscous   (oily)  material   and  look  for  the  best  signal  pos- 
sible.    It  was  not  possible  to  find  a  recordable  signal   in  the  7.3-7.9  y 
wave-length  region. 

Upon  trying  the  9  y  region  and  using  slit  opening  of  2  mm,  a 
recordable  signal   resulted.     This  is  shown  in  Figure  4.     A  calibration 
was  not  attempted  even  though  the  results   indicated  it  could  be  done. 
The  objective  of  showing  that  this  material  was  calibratable  was  accomp- 
lished. 

D.  Formaldehyde 

This  material   is  highly  toxic  and  can  cause  death  in  high  con- 
centrations.    The  OSHA  standards  are:     3  ppm  for  an  8-hour  time-weighted 
average  and  5  ppm  maximum  exposure  for  any  30-minute  period.     The  Foxboro 
Analytical   chart  reports  an  analytical  wavelength  of  3.58  y.     No  other 
calibration  parameters  were  known  so,  as  with  dioctyl  phthalate,  a  trial- 
and-error  approach  was  necessary. 
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An  original  wavelength  setting  of  about  3.58  y  was  varied  upon 
injection  of  a  0.2  yl  sample.  A  unique  maximum  was  not  found  so  3.58  y 
was  set  on  the  wavelength  wheel.  The  signal  was  rather  weak  -  (0-.025) 
absorbance  scale  -  so  the  slit  was  opened  to  2  mm.  As  can  be  seen  from 
Figure  5,  a  reasonable  signal  was  obtained  with  a  time  constant  of  one. 
Some  sort  of  calibration  appears  to  be  possible. 

E.  Isooctane  (2,2,4-Trimethylpentane) 

This  is  a  strictly  try-it-for-the-fun-of-it  material!  Data  was 
available  on  physical  properties  and  an  absorbance  peak  was  shown  at 
about  3.4  y.  As  can  be  seen  from  Figure  6,  a  good  signal  was  obtained 
and  calibration,  although  not  done,  could  be  easily  carried  out.  Concen- 
trations up  to  about  77  ppm  was  checked. 
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VI.  PAINT  SHOP  MONITORING 

A.  General 

One  of  the  original  goals  of  the  work  reported  upon  here  was  to 
use  the  MIRAN-IA  to  monitor  in  various  locations  at  NAVAIREWORKFAC  North 
Island.  Accordingly,  three  areas  were  investigated.  They  were:  (1) 
Paint  Shop,  Bldg.  472;  (2)  Chemical  Cleaning  Shop,  Building  472;  and  (3) 
Airplane  Paint/Strip  Shops,  Buildings  464,  465,  466,  467,  and  468.  It 
was  hoped  that  the  "production"  in  these  areas  could  be  correlated  in  the 
form  of  a  model,  which  would  predict  expected  hazardous  gas  air  concen- 
tration levels  as  a  function  of  production  rates. 

In  each  of  the  three  areas  above,  production  consists  of  pieces 
of  hardware  moving  into  and  out  of  an  area  where  a  series  of  services  are 
performed.  The  pieces  can  vary  from  something  the  size  of  a  small  screw 
to  a  full-sized  airplane.  In  view  of  this,  production  is  somewhat  hard 
to  define  and  measure.  It  would  appear  that  one  possibility  is  to  define 
production  in  terms  of  total  number  of  pieces  moving  through  an  area  per 
unit  of  time.  Such  a  figure  would  mask  other  properties  such  as  mass 
movement,  area  movement  (in  the  sense  of  surface  area),  etc.  How  to  de- 
fine production  so  that  it  can  be  used  in  correlation  work  would  appear 
to  be  an  interesting  study  in  its  own  right. 

The  areas  chosen  were  all  users  of  fairly  large  amounts  of  po- 
tentially hazardous  materials.  Thus,  some  correlation  between  airborne 
concentration  levels  of  these  materials  and  some  defined  production  rate 
might  be  expected. 

B.  Paint  Shop,  Building  472 

About  two  weeks  were  spent  in  this  area.  The  first  week  was 
spent  in  observation  of  the  kinds  of  pieces  that  moved  through  the  shop 
and  the  rate  of  movement  of  total  pieces.  It  turned  out  that  such  a  wide 
variety  of  pieces  moved  through  at  such  a  random  rate  that  any  attempt  to 
define  a  production  rate  was  difficult  and  time  consuming.  Because  of 
this,  it  was  decided  to  monitor  the  spray  painting  of  pieces,  both  large 
and  small,  with  a  variety  of  paints  to  see  what  could  be  expected  in  the 
way  of  readings  on  the  MIRAN-IA.  The  instrument  was  set  up  on  a  portable 
cart  with  about  60  feet  of  power  cord  so  that  it  could  be  moved  to  var- 
ious paint  stations. 

On  a  given  day,  a  specific  material  was  monitored.  The  first 
thing  done  in  the  morning  was  an  instrument  calibration  for  that  materi- 
al. Then  the  spray  painting  of  various  pieces  moving  through  the  paint 
stations  was  monitored.  In  many  cases,  the  paint  mixtures  had  to  be  pre- 
pared and  this  process  was  also  monitored.  For  the  most  part,  small  to 
medium  sized  pieces,  up  to  several  square  feet  of  surface  area,  were 
painted.  Occasionally,  large  pieces  such  as  portions  of  airplane  landing 
gear  or  the  inner  assembly  of  helicopter  blade  connectors  (not  the  blades 
themselves)  were  spray  painted.  The  small  pieces  usually  arrived 
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in  a  "pack"  of  six  or  eight  with  each  piece  suspended  by  hooks  from  a  mov- 
ing overhead  conveyor.  The  hook  suspension  allowed  the  spray  operator  to 
easily  rotate  the  piece  and  thus  keep  the  paint  spray  directed  toward  the 
spray  wash/  collector  walls.  The  spray  operator  wore  a  mask  which  pri- 
marily filtered  out  paint  particulate  matter  and  helped  somewhat  in  re- 
ducing the  amount  of  vapors  reaching  his  respiratory  system. 

The  process  of  spraying  a  piece  appeared  to  be  highly  ineffi- 
cient in  the  sense  that  only  a  small  fraction  of  atomized  paint  ever 
reached  a  piece  surface.  The  majority  of  the  atomized  material  was  drawn 
by  the  exhaust  air  against  a  wall  down  which  a  film  of  water  cascaded. 
These  were  the  wash/ col lee tor  walls.  It  was  imperative  that  the  spray 
operator  always  try  to  spray  paint  in  such  a  manner  that  the  atomized 
material  was  in  general  directed  toward  the  wall.  The  operator  should 
avoid  situations  where  he  places  himself  between  the  atomized  spray  and 
the  wash  walls  as  under  these  conditions  he  would  receive  the  full  effect 
of  vapors  directly  into  his  face  and  onto  his  skin.  It  was  this  procedure 
which  was  monitored. 

The  monitoring  technique  used  was  one  of  trying  to  place  the 
instrument  sampler  at  a  point  in  space  which  would  be  indicative  of  what 
the  spray  operator's  respiratory  system  was  "seeing"  in  the  way  of  air- 
borne vapor  concentrations.  Obviously  it  was  not  practical  to  place  the 
sampler  right  at  an  operator's  nose.  In  general,  the  sampler  was  placed  a 
foot  or  two  from  the  operator's  face  and  moved  around  as  the  operator 
moved.  Also,  after  a  piece  had  been  spray  painted,  the  sampler  would  be 
placed  next  to  the  surface  to  monitor  vapor  concentration  levels  during 
the  drying  process. 

Typical  results  are  indicated  in  a  series  of  figures.  Figure  7 
shows  results  for  MIBK,  which  is  an  ingredient  in  many  paints  and  thin- 
ners. Various  lacquer  and  polyurethane  paint  sprayings  were  monitored. 
Figure  8  shows  results  for  toluene.  This  figure  also  shows  results  for  a 
special  area  of  the  paint  shop  where  one  of  the  wash/collector  walls  was 
out  of  service.  In  this  area,  there  were  two  such  walls  so  that  one  was 
working  and  one  was  not.  The  pieces  sprayed  were  large  pieces  which  re- 
quired a  lot  of  spraying  activity.  Figure  9  shows  results  for  MEK.  Fig- 
ure 10  shows  an  interesting  result.  When  air  movement  and  water  to  the 
walls  is  shut  off,  it  would  be  expected  the  local  airborne  concentrations 
of  vapors  would  be  high.  They  were,  in  fact,  high  initially,  and  then 
tailed  off  as  diffusion  occurred.  Also  shown  is  the  general  background 
concentration  level  of  MEK  when  everything  is  shut  down  during  lunch 
break.  It  is  quite  obvious  that  it  went  up  but  was  still  well  within  safe 
limits.  Momentary  pockets  of  higher  concentration  were  detected,  probably 
due  to  many  open  containers  of  various  solvents  lying  about.  Finally, 
Figure  11  shows  some  results  for  methyl  cellosolve  acetate  ("cellosolve 
acetate"). 

What  is  quite  apparent  from  all  these  results  is  that  the  paint 
spray  operation  in  the  Paint  Shop,  Building  472  is,  for  the  most  part,  a 
safe  operation  in  the  sense  that  vapor  concentration  levels  stay  well 
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below  OSHA  limits.  There  are  isolated  peaks  which  go  above  limits  for 
short  periods  of  time,  but  these  are  measured  at  two  to  three  feet  from 
the  point  of  human  respiration.  Concentrations  right  at  the  nose/mouth 
point  are  probably  safe.  As  long  as  care  is  taken  and  procedures  fol- 
lowed, it  would  appear  that  this  is  a  well  operated,  safe  area. 

C.  Chemical  Cleaning  Shop  -  Airplane  Paint/Strip  Shops 

The  Chemical  Cleaning  Shop  was  checked  for  materials  used  and 
operating  procedures.  The  shop  contains  a  number  of  tanks  very  similar  to 
those  in  the  Plating  Shop  (reference  1).  Various  solutions  are  in  these 
tanks,  but  two  in  particular  are  candidates  for  monitoring.  One  tank  con- 
tains a  water  sealed  mixture  of  phenol,  cresol,  methylene  chloride,  and 
other  materials.  There  was  a  noticeable  odor  above  this  tank  in  spite  of 
the  water  seal  and  suction  ducts  around  the  tank  perimeter.  Pieces  of 
material  of  varying  size  and  shape  are  lowered  into  and  raised  out  of  this 
solution  using  an  overhead  crane.  At  the  time  this  dipping  process  oc- 
curs, odor  is  very  noticeable. 

A  second  tank  is  a  degreasing  tank  containing  methyl  chloro- 
form. Pieces  are  lowered  in  and  out  using  a  basket  attached  to  an  over- 
head crane  arrangement.  Again,  vapors  in  the  tank  area  were  quite  notice- 
able. 

The  paint/strip  operation  shops  involved  whole  airplanes  in 
large  closed  hangars.  A  wide  range  of  materials  is  used  with  one  in  par- 
ticular, methylene  chloride,  being  used  in  large  amounts.  In  addition, 
cresols,  phenol,  etc.  are  used.  These  are  all  quite  objectionable  materi- 
als. 

These  shops  were  not  monitored  due  to  lack  of  time.  However, 
they  are  both  prime  candidates  for  monitoring,  and  this  should  be  done  as 
soon  as  possible.  The  Paint/Strip  Shop  area  was  alluded  to  by  many  plant 
personnel  as  a  bad  area.  This  should  be  checked  for  the  sake  of  health 
and  morale. 

D.  Modeling 

It  was  not  possible  on  the  basis  of  this  work  to  do  any  modeling 
of  airborne  vapor  concentration  levels  versus  production  rates.  In  the 
shops  monitored,  the  difficulty  is  defining  a  production  rate. 
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VII.  CONCLUSION  AND  RECOMMENDATIONS 

A.  Conclusions 

The  Foxboro/Wilks  Portable  Infrared  Gas  Analyzer  (MIRAN-IA)  is 
a  reliable,  useful  instrument.  It  can  be  taken  anywhere  in  a  plant  oper- 
ation to  monitor  for  any  material  for  which  it  can  be  calibrated.  It  has 
been  successfully  calibrated  for  about  fifty  materials,  most  of  which  are 
used  in  varying  amounts  at  NAVAIREWORKFAC  North  Island.  It  can  be  used 
to  follow  concentrations  of  vapors  from  such  processes  as  bonding,  bak- 
ing, paint  application/stripping,  cleaning,  plating,  etc.  which  occur 
throughout  the  plant  area. 

Modeling  of  airborne  vapor  concentrations  versus  production 
rate  is  a  desirable  thing  to  do.  Even  though  this  was  not  successfully 
done  in  the  work  reported  here,  the  concept  has  value.  The  biggest  dif- 
ficulty is  defining  what  is  a  production  rate  in  a  given  operating  area. 

The  mechanical  and  optical  aspects  of  MIRAN-IA  operation  are 
not  difficult  to  maintain  and  change.  The  changing  of  the  cell  optical 
windows  was  done  quite  easily  as  was  the  changing  of  the  preamplifier/ 
detector  assembly.  The  new  windows  and  detector  combination  noticeably 
improved  the  instrument  operation  in  the  sense  of  less  noisy,  faster 
response  to  detected  vapor  concentrations. 

B.  Recommendations 

The  modeling  effort  should  be  continued.  The  only  dificulty  is 
defining  production  rates.  This  might  best  be  done  with  the  help  of 
plant  production  personnel  who  have  knowledge  on  what  they  consider  pro- 
duction rates  to  be. 

The  use  of  the  MIRAN-IA  in  other  operating  areas  of  NAVAIREWORKFAC 
North  Island  should  be  investigated.  Over  a  period  of  two  years  the  Heli- 
coptor  Blade  Bonding  Shop,  the  Electroplating  Shop,  Paint  Shops,  and 
Chemical  Cleaning  Shops  have  been  investigated  for  vapor  concentrations. 
There  are  other  shops  and  areas  that  possibly  could  be  investigated.  It 
is  possible  that  other  materials  are  used  (j_.e.,  other  than  the  ones 
reported  as  being  calibrated  in  this  work)  and  should  be  investigated  for 
calibration  and  monitoring. 

Work  in  the  Airplane  Paint/Strip  Shops  and  the  Chemical  Cleaning 
Shop  (Building  472)  only  proceeded  as  far  as  identifying  the  materials 
used  in  these  areas.  Operating  procedures  were  observed  to  try  to  get 
some  preliminary  idea  of  what  production  consisted  of  and  how  a  rate  might 
be  defined.  No  actual  monitoring  was  done  in  these  areas,  but  it  should 
be  done  there. 

Finally,  a  continuing  education  effort  should  be  made  so  that 
AESO  personnel  learn  more  about  the  principles  of  operation  of  the 
MIRAN-IA,  its  maintenance  and  possible  updating,  and  its  application.  In 
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this  way,  a  more  intelligent  and  wide-spread  use  of  the  analyzer  can  be 
made.     Foxboro  Analytical   is  considering  the  presentation  of  a  short 
course.     They  should  be  contacted  periodically  to  try  to  get  them  to 
present  such  a  course.     Failing  this,  the  following  person  can  give  such 
course: 

Donald  S.  Lavery,  Ph.D. 
Consultant  in  Analytical  Chemistry 
13  Betts  Place 
East  Norwalk,  CT     06855 

Whether  it  is  Foxboro  Analytical   or  Dr.  Lavery,  a  one  to  three 
day  short  course  on  the  MIRAN-IA  and  infrared  monitoring  in  general   is 
highly  recommended. 
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